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MANUFACTURE OF OPTICAL FIBERS 

BACKGROUND OF THE INVENTION 

The present invention relates to the manufacture of 
optical waveguide ?bers. 

Optical waveguide ?bers have been greatly improved 
during the last decade until attenuations less than 1.0 
dB/km have been routinely achieved. Such low loss 
?bers are formed by a chemical vapor deposition tech 
nique (CVD) which results in the formation of ex 
tremely pure materials. In accordance with this tech 
nique, optical waveguide preforms can be formed by 
depositing glass layers on the outside surface of a tem 
porary mandrel or on the inside surface of a tube which 
later forms at least a portion of the cladding material. 
These two embodiments of the CVD technique will be 
brie?y described below. ‘ 

In one embodiment of the CVD process the vapor of 
reactant compounds is introduced into a ?ame where it 
is oxidized to form a glass soot which is directed toward 
a mandrel. This so-called ?ame hydrolysis method of 
formng coatings of glass soot is described in greater 
detail in U.S. Pat. Nos. 3,737,292; 3,823,995; 3,884,550; 
3,957,474 and 4,135,901. To form a step-index optical 
waveguide ?ber, a second coating having a lower re 
fractive index than the ?rst is applied over the outside 
peripheral surface of the ?rst coating. To form a gradi 
ent index ?ber, a plurality of layers of glass soot are 
applied to the starting member, each layer having a 
progressively lower index of refraction as taught in U.S. 
Pat. No. 3,823,995. Gradient index ?bers may also be 
provided with a coating of cladding material. After the 
plurality of coatings are formed on the mandrel, the 
mandrel is removed and the resultant tubular preform is 
gradually inserted into a consolidation furnace, the 
temperature of which is sufficiently high to fuse the 
particles of glass soot and thereby consolidate the soot 
preform into a dense glass body in which no particle 
boundaries exist. The resultant consolidated blank is 
drawn into an optical waveguide ?ber. 

In accordance with a second embodiment of the 
CVD technique the reactant vapor, together with an 
oxidizing medium, ?ow through a hollow, cylindrical 
substrate. The substrate and the contained vapor mix 
ture are heated by a source that moves relative to the 
substrate in a longitudinal direction, whereby a moving 
hot zone is established within the substrate tube. A 
suspension of particulate material which is produced 
within the hot zone travels downstream where at least a 
portion thereof comes to rest on the inner surface of the 
substrate where it is fused to form a continuous glassy 
deposit. After suitable layers have been deposited to 
serve as the cladding and/or core material of the resul 
tant optical waveguide ?ber, the temperature of the 
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glass tube is generally increased to cause the tube to _ 
collapse. The resultant draw blank is then drawn in 
accordance with well known techniques to form an 
optical waveguide ?ber having the desired diameter. 
Such process parameters as temperatures, ?ow rates, 
reactants and the like are discussed in the publications: 
J. B. MacChesney et al., Proceedings of the IEEE, 1280 
(1974) and W. G. French et al., Applied Optics, 15 
(1976). Reference is also made to the text Vapor Deposi 
lion edited by C. F. Powell et al., John Wiley & Sons, 
inc. (1966). 
Although the CVD technique of forming optical 

waveguide preforms results in the formations of optical 
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2 
waveguide ?bers having extremely low attenuation, this 
method is also relatively expensive. For this reason 
research is being conducted on other ?ber manufactur 
ing techniques. The double-crucible process is widely 
recognized to be a low-cost process for making optical 
waveguides. While improvements have been made in 
both the composition of double-crucible ?bers and ap 
paratus for making such ?bers as evidenced by U.S. Pat. 
Nos. 4,197,136 and 4,145,200, for example, such ?bers 
are not expected to exhibit the very low-losses and high 
bandwidth which can be achieved by ?bers formed by 
a CVD process. 
A hybrid technique is disclosed in UK. Patent appli 

cation GB 2,023,127 A (equivalent to U.S. Pat. No. 
4,249,925). A glass rod, preferably pure S102 or SiOz 
doped with an oxide which modi?es the refractive in 
dex, expansion coef?cient or viscosity of the glass, is 
drawn into a ?ber which is thereafter provided with one 
or more layers of cladding material. In one embodiment 
the core fiber, which has an expansion coef?cient of 
28><10—7/° C. is drawn through a crucible containing 
cladding glass having an expansion coef?cient of 
33X l0"7/° C. This combination of core and cladding 
expansion coef?cients results in a relatively weak ?ber. 
In another embodiment a core ?ber having an expan 
sion coef?cient of 32X l0“7/° C. is coated by the ?ame 
hydrolysis process with a layer of germania silicate ' 
glass having an expansion coef?cient of 25 X 10*7/° C., 
the resulting ?ber being drawn through a crucible 
wherein it is provided with the outer cladding layer. 
The resultant ?ber is again relatively weak. Moreover, 
the core-cladding interface is less than optimal, it hav 
ing been formed by adding cladding glass layers to the 
initially formed core glass v?ber. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method of making inexpensive low-loss opti 
cal waveguide ?bers. 
Another object of this invention is to provide a hy- ‘ 

brid method of making optical ?bers having high 
strength. 

Brie?y, the method of the present invention com 
prises the following steps. There is initially provided a 
preform comprising at least a centrally disposed region 
of core glass. A portion of the preform is heated and 
drawn into a preliminary fiber which is passed through 
a ?rst crucible containing a ?rst cladding glass having 
an expansion coef?cient greater than that of the core 
glass. The resultant ?ber is passed through a second 
crucible containing a second cladding glass having an 
expansion coef?cient lower than that of the ?rst clad 
ding glass. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic illustration of an apparatus for 
carrying out the method of the present invention. 
FIG. 2 is a cross-sectional view of a draw blank 

which may be employed in the apparatus of FIG. 1. 
FIG. 3 is a cross-sectional view of an optical wave 

guide ?ber formed in accordance with the present in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The apparatus of the present invention is illustrated in 
FIG. 1. At least one end of draw blank 10 is heated by 
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furnace 12 to a temperature suf?cient to permit the 
drawing of preliminary ?ber l4 therefrom. Because the 
maximum optical signal density occurs in the core, 
blank 10 should consist of ultra-pure glass. It is there 
fore formed by a CVD process such as one of those 
disclosed in the aforementioned references that are 
cited as pertaining to the CVD technique. Since the 
core-cladding interface of the resultant ?ber must be 
free from light scattering centers such as bubbles and 
foreign’ particles, blank 10 should also include a thin 
layer 18 of cladding material which is produced by the 
CVD as shown in FIG. 2. Layer 18 should be suf? 
ciently thick that interface 20 between core 16 and layer 
18 remains substantially undisturbed by the additional 
processing steps to which ?ber 14 is subjected. It is 
therefore preferred that the thickness of the CVD pro 
duced cladding layer in the resultant ?ber be a mini 
mum of 0.5 pm. Although blank 10 is illustrated as 
having a central aperture, it is noted that a number of 
CVD processes produce blanks which have no aperture 
and that such blanks can also be employed inv this 
method. 

In order to take advantage of the low-cost nature of 
the double-crucible process while yet retaining the high 
optical quality of the CVD process, preliminary ?ber 14 
is drawn through a crucible 24 containing a durable 
cladding glass 26 in the molten state. Because of the low 
thermal expansion coef?cient of vapor-deposited high 
silica content glasses relative to melted glasses, the use 
of only a single crucible would cause the outer surface 
of the resultant ?ber to be in a state of tension. There 
fore, a double-crucible arrangement is employed, the 
inner crucible 28 containing a molten claddingv glass 
having an expansion coefficient which is greater than 
that of outer cladding glass 26. The resultant ?ber 32, 
which is illustrated in cross-section in FIG. 3, contains 
a core 34 surrounded by a thin layer 36 of cladding glass 
produced by a CVD technique, a layer 38 of high ex 
pansion cladding glass and an outer layer 40 of durable 
cladding glass having an expansion coef?cient lower 
than that of layer 38. Fiber 32 is drawn through a con 
ventional coating apparatus 46 by draw tractors 48 and 
50. It is noted that crucibles 24 and 28 could be axially 
separated rather than being situated in a double-crucible 
arrangement as illustrated. The illustrated apparatus 
provides economy of space. 
The following theoretical example illustrates the ad 

vantages of the present invention. The vapor deposited 
glass blank 10 could be formed by a ?ame hydrolysis 
technique such as that taught in U.S. Pat. No. 4,125,388. 
Vapors of GeCl4 and SiCl4 are fed to a burner which 
produces soot that is directed at a mandrel. After a ?rst 
coating of GeOg-SiOg soot is built up, the flow of 
GeCl4 ceases and a second coating of pure SiO2 soot is 
deposited on the ?rst coating. The mandrel is removed 
and the soot preform is consolidated to form a hollow 
draw blank 10. The blank is inserted into furnace 12 
wherein it is heated to a temperature of about 2200° C. 
and is drawn to reduce the diameter thereof and to 
cause the aperture therein to close. The draw rate and 
furnace temperature are controlled so that the outer 
diameter of preliminary ?ber 14 is about 62.5 mm, the 
diameter of core 34 being about 50 pm. The expansion 
coef?cient of the germania silicate core is about 
12X 10—7/°C. Fiber 14 is threaded through the double 
crucibles, and then molten glass 26 and 30 is introduced 
into the crucibles, each of which is heated to control the 
viscosity of the molten glass therein. The composition 
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4 
of molten glass 30 is 75.8 wt. % SiO2, 10.2 wt. % CaO 
and 14 wt. % N320, which has an expansion coef?cient 
of about 90><l0-7/° C. Molten glass 26, which is a 
borosilicate glass the composition of which is 80.3 wt. 
% SiOZ, 14.6 wt. % B203 and 5.1 wt. % NazO, has an 
expansion coef?cient of 33><10—7/° C. The diameters 
of the crucible ori?ces, the temperatures of the cruci 
bles and the draw rate are controlled to produce a com 
posite ?ber 32 having an outer diameter of 125 pm, the 
diameter of tension layer 38 being 100 pm. 
Without tension layer 38, ?ber 32 would be very 

weak, since the outer surface thereof would be in a state 
of tension. However, the presence of tension layer 38 
creates in the outer cladding 40 a compression 0" the 
magnitude of which can be determined from the follow 
ing equation. - 

EAT _ 

l-v 

where the bulk modulus E in 107 psi and Poisson’s ratio 
11 is 0.2. The term AT, which is the difference between 
the set point of the cladding glasses (assumed to be 
equal) and room temperature, is taken to be —500° C. 
The expansion coef?cients of the core glass 34, the 
tension layer 38 and compression layer 40 are repre 
sented by the terms X1, X2 and X3, respectively. The 
terms d1, d; and d3 are the respective diameters of layers 
36, 38 and 40. With the values given in the example 
above, the compression 0- is — l0 kpsi. A compressive 
layer of this degree of compression would signi?cantly 
improve the static fatigue of the ?ber. 

Since the double-crucible glasses will not directly 
in?uence the optical properties of the resultant ?ber, 
they can be chosen to facilitate processing and to pro 
vide chemical durability on the outer surface. High 
purity is not required for the double-crucible glasses, 
and the cost of these materials is relatively low. Due to 
the low cost of the double-crucible glasses the thickness 
of layers 38 and 40 could be increased to increase the 
?ber diameter to 150 um or even larger without signi? 
cantly increasing the manufacturing costs of the ?ber. 
Such a larger diameter ?ber is advantageous in that it 
experiences reduced micro-bending loss. 
To form a single mode waveguide in accordance with 

the method of the present invention, the diameter of 
core 34 should be less than 10 um and preferably in the 
range of 4-10 pm, and the diameter of cladding layer 36 
should be relatively large, i.e. between about 25 and 50 
pm. The dimensions of layers 38 and 40 are as speci?ed 
hereinabove. 

I claim: 
1. A method of forming an optical waveguide ?ber 

comprising the steps of 
forming by a chemical vapor deposition technique a 

glass draw blank comprising a centrally disposed 
region of core glass surrounded by a thin layer of 
inner cladding glass, 

heating at least a portion of the preform and drawing 
therefrom a preliminary ?ber, 

passing said preliminary ?ber through a ?rst crucible 
containing a ?rst outer cladding glass having an 
expansion coef?cient larger than that of said core 
glass and said inner cladding glass, and 

(1) 
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passing the resultant ?ber through 'a second crucible 
containing a second outer cladding glass having an 
expansion coef?cient lower than that of said ?rst 
outer cladding glass. 

2. A method in accordance with claim 1 wherein the 
steps of passing said preliminary ?ber through a ?rst 
crucible and passing the resultant fiber through a sec 
ond crucible comprise passing said preliminary ?ber 
through a double crucible apparatus, the inner crucible 
containing said ?rst outer cladding glass and the outer 
crucible containing said second outer cladding glass. 

3. A method in accordance with claim 2 wherein the 
expansion coef?cient of said second outer cladding 
glass is greater than that of said region of core glass. 
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4. A method ‘in accordance with claim 1 wherein, 

during the step of forming, said thin layer of inner clad 
ding is formed in a suf?cient thickness that its thickness 
in the resultant ?ber is at least 0.5 pm. 

5. A method in accordance with claim 4 wherein the 
steps of passing said preliminary ?ber through a ?rst 
crucible and passing the resultant ?ber through a sec 
ond crucible comprises passing said preliminary ?ber 
through a double crucible apparatus, the inner crucible 
containing said ?rst outer cladding glass and the outer 
crucible containing said second outer cladding glass. 

6. A method in accordance with claim 5 wherein the 
expansion. coef?cient of said second outer cladding 
glass is greater than that of said region of core glass. 

i i ‘ i i 


